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SEALANT FI ELD OF THE | NVENTI ON The present invention relates to

seal ant s/ wdhexisvs3. The seal ant/ adhesi ve of the inventiorrdsdmnmsbated to
exhi bit high resistance to heat and hot water inmersion. 5 BACKGROUND OF
THE | NVENTI ON Seal ants are wi dely used-in building and civil engineering
wor ks as they serve several general functions as follows: (a)
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5 BACKGROUND OF THE INVENTION
Sealants are widely wused in Dbuilding and civil
engineering works as they serve several general functions as

follows:

(a) Waterproofing function
10 Sealants are used as components of complete
waterproofing system by resisting the passage of water into

joined part of the building.

(b) Environmental function. .
Sealants are used as barriers to resist the passage of

15 heat, light, sound, odor, dust, etc. into the building.

(c) Movement control function

Sealants are used to accommodate continuing changes in
size of the joint due to thermal, moisture and structural
movements, including vibration and creep.

20 A sealant must be able to perform these functions. At
the same time, it must have acceptable appearance,
durability, economic and maintenance cost. In some cases,
additional functions may be required such as ability to
perform under special temperature or humidity conditions

25 and/or to withstand a polluted atmosphere.



Pol yur et hane as a high performance sealant is widely wused in joints of
curtain walling on building facades. Although highly polyneric, it is
suscept i biv® @3psaagr adati on  due to environnmental factors sabrsGig/obasat ,

nmoi sture, W and 5 others. These factors either alone or in conbination
affect the performance of the materia?-in the process of curing as well
as during. long termexposures. In the tropics, the material also tends to
fail prematurely if exposed excessively to heat and water. Hi gh
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wat er i mrersion. The product has comercial application_in areas requiring
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loosening inter-macromolecular interactions and change the
chemical structure of polyurethane through the break-up of
macromolecular chains and the formation of low molecular
.mass products. The polyurethane sealant degradation at high
15 temperature in the presence of moisture of water may proceed
through water-swelling, loss of inter-macromolecular

interactions, hydrolysis of wurethane linkage and chain

degradation.

SUMMARY OF THE INVENTION

20 It is one aspect of the invention to provide a new
polyurethane sealant that exhibits high resistance to heat
and hot water immersion. The product has commercial
application in areas requiring sealant with high resistance
to heat and hot water immersion e.g. a building facade.

25 It is another aspect of the invention to provide a
polyurethane sealant that resists oxidative damage. In the
present invention this is accomplished by incorporation of a
novel antioxidant compound.

It is a further aspect of the invention to provide a

30 method for sealing a surface (as a coating) or sealing and

adhering a Jjoint Dbetween two surfaces by applying the



adhering a joint between two surfaces by applying the WO 03/ 050157

PCT/ S&2/ 00289 -3 pol yuret hane conposition of the present invention to
such a swO@ososr joint. The present invention is enbodi edTigGo/omsyel two-
conponent pol yuret hane seal ant. The advantages of this new 5 two-conponent
pol yur et hane seal ant reside principakBy in preventing water-swelling,

wat er - absorption and hydrolysis, increasing thermal stability of a seal
and enhanci ng adhesion to a porous naterial, for exanple concrete, in hot
wat er opoUuRaek teemd tdaais sdft immes fn thanpdeatnmbs jheratit® DETASLED a
DESCRI PTI ON OF THE | NVENTI ON The present invention is enbodied partly in a
two- cORP&AESE 98 y@idthane seal ant. The first conponent (A) conprises a

hydr ophobi ¢ &%'eyﬁ%%%eﬁicol infeRt 988 | i kednp@dikbd amb@nti Oxbeant . tGerponent
A can further conprise a filler, 15 a plasticizer, a drying agent, a silane

adduct asmadmesitorpo lpnomitteme aseahait bubBhe agerntagashicdot Flope BARW a

curing  catalyst as found necessary to _particulat i L ;
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exanpl e-of such a nodified isocyanate is Isonate 143L from Dow Chenica
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favorabl'e propérties as a seal ant or adhesive espite prol onged exposure
to an ahmngnheneuﬁddnncqhdn;idﬂﬁ30ﬁwamﬁﬂmarywmﬁﬂﬁaimﬂaphﬂrQO pr ol onged
imersion in hot (e.g. ‘
10 DETAILED DESCRIPTION OF THE INVENTION
The present invention is embodied partly in a two-
component polyurethane sealant. The first component (A)
comprises a hydrophobic polyether diocl, a cross-linker, and
an antioxidant. Component A can further comprise a filler,
15 a plasticizer, a drying agent, a silane adduct as adhesion
promoter, an anti-bubble agent, awthixotrope and a curing
catalyst as found necessary to particular applications.
Component A can also contain a modified isocyanate, such as
a modified methylene-bis-(4-phenyl isocyanate), containing
20 carbodiimide groups. An example of such a modified
isocyanate is Isonate 143L from Dow Chemical Co.
The second component (B) comprises a polyisocyanate as
a curing agent.
The two-component polyurethane sealant of the invention
25 retains its favorable properties as a sealant or adhesive
despite prolonged exposure to an atmosphere of hot (e.g. 70°C
or warmer), humid air or to prolonged immersion in hot (e.g.
(70°C) water.
The hydrophobic polyether diol used in Component A is
30 preferably polybutylene glycol (PBG) with a number average
molecular weight of 2000.~ 4000, polytetramethylene oxide



(70C) water. The hydrophobi c pol yether diol used in Conponent Ais 30
preferably pol ybutyl ene glycol (PBG wth a nunber average nolecul ar

wei ght of wa0@®s6154000, pol ytetranet hyl ene oxi de WD 03/ 050 1PE7/9602/0@892/ 00289
-4 glycol (PTMO wi th a nunber average nol ecul ar wei ght of 2000 - 4000 or
a mxture of PBG and PTMO. The pol ybutyl ene glycol (PBG wth a nunber
aver age nol ecul ar wei ght of 2000-4000 is preferred. Because of high

hydr ophobicity of 5 PBG the cured seal ant containing PBG has the nerit of
ef fi ci egtLlyonesipato)g wiattera ahstrept i ore e wat becsiwet | vagghduef ng0pPol onged

inmrersion in hot water, especially as co ith.a ti I | ant
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resi stance. The cross-1linker, used in,Conpaonen i r abl.y.: 15
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el astic recovery upon heat exposure. The anti-oxidant used in Conponent A
is a steolgaldopylkimderdgcati néiol t PG br miwck | yresiptange) agadAzZt. [ To.
-eaab water-absorption and water-swelling of the polyurethane
sealant helps to maintain elastic recovery, tensile strength
and adhesion to concrete in hot, humid air and during
immersion hot-water. PTMO helps to enhance heat resistance.
The cross—linker used in Component A is preferably
15 polypropylene glycol triol (number average molecular weight:
~3000) or N,N,N’,N’-tetrakis (2-hydroxypropyl)ethylenediamine
or a mixture of these two compounds. A mixture of the
polypropylene glycol triol with a small proportion,
preferably from 20 to 60 wt% of the amount of the triol, of
20 N,N,N’,N’-tetrakis(2-hydroxypropyl)ethylenediamine provides
increased elastic recovery upon heat exposure.

The anti-oxidant used in Component A 1is a sterically

hindered amine of the formula (I):

(I)

25 Without being bound by any theory of the invention, it

appears that the following mechanism provides the resistance



) 25 Wthout being bound by any theory of the invention, it appears that
he foll ow ng mechani sm provi des the resistance WO 03/ 050157 PCT/ S&)2/ 00289
5 to oxidatewmionf the sealant that is observed in the prasamGozomsenti on:
R - RROOt" The anti-oxidant used in Conmponent Ais a sterically 5

hi ndered am ne of Formula (l1). The abéwve-described anti- oxidation

mechani sm shows that the anti-oxidant used in this fornulation can consune
both al kyl radicals (R and peroxy radicals (OOR), and that the active

ni tr oxy goadi:galax iare of ethenmedaandtt huatndts ressktwedohsuteed dueksrgtt he
protracted 10 anti-oxidation process. These two features can contribute to
t he per $inge8#tLo&Yit i - oxi dation function during prolonged inmmrersion in hot
wat er. Perfornmance testing as described below shows that the cured seal ant
containing this sterically hindered am ne. Renalned undi scol oured after 15
prol onged i mersion in _hot water while t} d contai ni-ng a
conventional phenolic anti-oxidant yell, edl¥. The antioxidant is
typically added in an no)%&t_; Roonr" 0..3%10.2 wt % of Tofpe

adduct as adhesion ;;,,;;”““““‘” D Asiepreferably the
reacti on product of Galma- anlnoprogy- ,;jlahe (APS) with

2- cyanoet hyl acrylate F"(CEA) orithe rectl on ' p ‘Qduct.of APS with benzyl
met hacryl ate (BMA);: he:nixture" ofit hese. twp eactlon products The
reacti on nole ratlouo» 'Late to gajf : :

(
t

ppent A. The sil ane

The anti-oxidant used in Component A is a sterically
5 hindered amine of Formula (I). The above-described anti-

oxidation mechanism shows that the anti-oxidant used in this
formulation can consume both alkyl radicals (eR) and peroxy

radicals (®OOR), and that the active nitroxy radicals are
reformed and thus not readily consumed during the protracted
10 anti-oxidation process. These two features can contribute to
the persistent anti-oxidation function during prolonged
immersion in hot water. Performance testing as described
below shows that the cured sealant containing this
sterically hindered amine remained wundiscoloured after
15 prolonged immersion in hot water while the sealant
containing a conventional phenolic anti-oxidant yellowed
markedly. The antioxidant is typically added in an amount

of 0.3 to 2 wt% of component A.
The silane adduct as adhesion promoter used in
20 Component A 1s preferably the reaqtion product of gamma-
aminopropyltriethoxysilane (APS) with 2-cyanoethyl acrylate
(CER) , or the reaction product of APS with Dbenzyl
methacrylate (BMA), or the mixture of these two reaction

products. The reaction mole ratio of acrylate to gamma-



WO 03/ 050157 PCT/ S@&2/ 00289 -6 am nopropyltriethoxysilane is preferably in
the range of 2:1 to 1:1, preferably about 1.4:1. The silane adduct is
added t o waoharselsthe adhesi on of the sealant to the substrGars50200139,
concrete, when imrersed. 5 in hot water. The first nerit of the silane
adduct is that in this am no-functi or&#l adhesi on pronoter the active
primary am no groups of APS are converted to secondary and even partially
to tertiary am no groups by the adduct reaction with CEA or BMA. This

decr eas egiiltgirdoARidd itat Hok vl Tgactiigte feaotyanaie duei ngngar bfig2:Thus t he
silane adduct is not conpletely dissolved into the sealant matri x nor does
it di sturd t:He euebieyadattakaittbetvfeen the i socyanate and the polyol. The

second merit g8 t¥$%$$??§&§291%r§u£d@g? CES enha¥®ley PobakqgEQupn kel ps to

i ncrease the conp the silane layers. The silane |layers are
formed athea ssilbatt ate (heg.subsrinragtes) allg.dngeenetrageaf weenagpiiesseidon of

the sealant, wth the pol ar Qpol yurethane | ant .. The enyl .qr of BMA
hel ps t ot MYteddxt¢her mafes &Eis?éi t“ﬂ?rd'f% Cli:&é(? I %hjea%ﬁdﬁgguf:éyé% %gr%é:
purpose gf the;sil agnenaddductt2@niag t sl shosdmengr | i nkage abetiween t he

pol yur et hane seal ant and the sil ane adduct, but, neanwhile, to avoid
total dimssiolany ommbiot heompsut i APE hareuconvegdiosht toi EREGRI2ESr ATy

adhesi on promotiqn |ayers between | ant %HMJ hg,sulsld at.gque The
fillers ef%rn c r?prgcr%ear%talyA icaon be anyatl{}ﬁo%n%aln?l}nt e e?rst Bﬁt oref erably
cal ci um esydonat ewishused. cktheBMAI xoffhdpe dardesamythadmwnabaliheg ot , but

[NEﬁf%Eﬂggggé”¥¥Lfiiégg§a§§ SC&§L£XgacQ¥gﬁgphogkﬁsf%%%gsilane adduct
is not completely dissolvéd into the sealant matrix nor does
it disturb the curing reaction between the isocyanate and
the polyol. The second merit is that the cyano group of CEA,
a very polar group, helps to increase the compatibility of

15 the silane layers. The silane layers are formed on a
substrate (e.g. concrete) during curing after application of
the sealant, with the polar polyurethane sealant. The
phenyl group of BMA helps to increase thermal stability of
the silane adduct layer. One purpose of the silane adduct

20 is to establish strong 1linkage between the polyurethane
sealant and the silane adduct, but, meanwhile, to avoid
total dissolution of the adduct in the cured sealant without
forming adhesion promotion layers between the sealant and
the substrate.

25 The fillers for component A can be any known in the
art, but preferably calcium carbonate is used.

The thixotrope can be any known in the art, Dbut
preferably fumed silica, especially a hydrophobic fumed
silica, is used.

30 The curing catalyst can be any known in the art, but

preferably dibutylin dilaurate (DBTDL) , Tin (IT) 2-



silica, is used. 30 The curing catalyst can be any known in the art, but
preferably dibutylin dilaurate (DBTDL), Tin (11) 2 WO 03/050157

PCT/ SQ02/ e@B®50157 et hyl hexanoate (SnCct) or triethyl ene dicamsae/0(BABCO or
a mxture thereof, is used. The plasticizer can also be any known in the
art, but preferably a hydrocarbon regin or a phthalate or a mxture 5
thereof is used. A nore preferable plasticizer is dioctyl phthalate (DOP)
The drying agent used in Conponent A can be any known, in the art, but

pref er aly A nehakeagen pxicler sueh as-icalisilene odigeins UIBBCOTheodr gi ng
agent has three functions in the 10 pol yurethane seal ant of the invention.
First, imixttelnes therepfevdmt Us§shl i ng during the curing process by reacting

wi th carbon di oxide t.hat_ pay rQdu i ri:ng. c i
consunes the T\%ft é?lar?ojﬁle%u%éeg: ?%gt Bl%?f%ﬂege%agﬂ?ﬁg l%o@%e?ﬁﬁhﬁéﬁai ns in
t he cur edeTRaladily Whenytihecsenbantressinl o nrephedaila tihotomas emisguas to
deter water-swelling of the sealant. Thi %(er V\,gu]%n cal.cium cl)éi eloic% 1

uti | izedhed@dingt hotsedat erP | BRERsPHT TCARPOLEMID He- €t ehtt Wt HYvat er to
form C%I G Gar bepate which has a high nodulus. Thus, the loss of
strengt hby ot-wat er ‘i mrersi on can be counteracted to 20 sone extent by
the formati ofief ducingabgenim cwasonit eComRPRPRL t Ae GaMMEPSi BAY THEWR.
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nunber auerage g8 ecul eiie Wei ghhgofgd000bas 58066. fRnetdépnisodnofthisubbl e
10 polyurethane sealant of the invention. First, it helps to
prevent bubbling during the curing process by reacting with
carbon dioxide that may be produced during curing. Second,
it consumes the water molecules that ~ diffuse near the
polyurethane chains in the cured sealant when the sealant is

15 immersed in hot water so as to deter water-swelling of the
sealant. Third, when calcium oxide is utilized, during hot-
water immersion calcium oxide can react with water to form
calcium carbonate which ﬁas a high modulus. Thus, the loss
of strength by hot-water immersion can be counteracted to

20 some extent by the formation of such calcium carbonate
during the immersion.

The anti-bubble agent used in Component A can be any
known in the art, but is preferably a silane adduct, most
preferably poly(dimethylsiloxane) with a number average

25 molecular weight of 30000 ~ 50000. Prevention of bubble
formation helps to raise resistance of sealant against
" water, especially hot water.
The polyisocyanate as curing’ agent used in Component B
is preferably a modified methylene-bis-(4-phenyl isocyanate)
30 (MDI) that contains a minority of carbodiimide groups
(-N=C=N-). The polyisocyanate will preferably have from 25
to 35 mol%, preferably .have a residual of from 27 to 30



formation helps to raise resistance of seal ant against water, especially
hot water. The pol yi socyanate as curing' agent used in Conponent B is

pr ef er abl woen3msdisfi ed net hyl ene- bi s- (4- phenyl i socyanat e) PCAGGODIISIt hat
contains a mnority of carbodiimde groups (-N=C=N-). The polyi socyanate
will preferably have from25 to 35 mg-% preferably have a residual of
from27 to 30 WO 03/050157 PCT/ S&02/ 00289 -8 nol % nost preferably from
28.2 to 29.2 nmol % of NCO groups. Conmponent B conprises a polyisocyanate

as curing139enfos T NEQAKH ratém 28. 2 heo pbdy2 seeyanabe Nsopueioeipahl y in
the range 1/1 to 1.5/1, nore preferably from1.2/1 to 1.3/1. An 5
accept afficmgroleyits ot yeerpel &S | oetley IEAZY auBIlteprasyi Gedi By 2BBREChdmiccal .

The car i j 1 de_graoups,_have t f t] + FlESt, suy er

nol ecul E\E&Vﬁm 5ng’flﬁselrtlo thee %l u%(ebtq?%ﬁidtech%?nsp%%lf%(ﬁgs?mr%e seal ant
SO as t qgHRyent1 wed et . 301 sweblrengredeacid,y them NECNE goolps/are An
gradual ly converted by hot water to -NH CO NH %gu&?ﬁhi ch can formvery
strofy agneRipB\mePohydFegEANBERd Ty iTROPRESS t BTG Ieduiter act
t he gra%dmégl.strength of the sealant caused by inmersion in hot
wat er . he preterred anounts of the various materials are: For

conponent A (Bse acariopbrinide ofrecoppohene Aye fppFyépher Fizetvo BE¥Mm %
cross-1linker -

orosS 088 CyBehe, UL ] Lo 0.0 Yoot o
chains of the immersed sealant so as to prevent water
10 swelling. Second, the —-N=C=N- groups are gradually converted
by hot water to —-NH-CO-NH- group which can form very strong
interpolymer hydrogen bonding in the sealant so as to
counteract the gradual 1loss of strength of the sealant
caused by immersion in hot water.
15 The preferred amounts of the various materials are:
For component A (as a proportion of component A):
polyether — 20 to 60 wt%
cross-linker - 0.5 to 8 wt%
antioxidant — 0.3 to 1.0 wt%
20 drying agent — 1.0 to 5.0 wt.%
anti-bubble agent — 0.3 to 0.8 wt%
adhesion promoter — 0.5 to 2.0 wt%
plasticizer — 5.0 to 15 wt%
filler - 20 to 60 wt%
25 thixotrope — 1.0 to 5.0 wt%
catalyst — 0.02 to 0.8 wt%
solvent - 0.6 to 2 wt3
For component B (as a proportion of component B):
Curing agent - 8.0 to 20 wt%
30 Component A contains OH functionalities while Component
B céntains NCO functionalities. The NCO/OH molar ratio is

preferably kept in the range of about 1.2 to 1.3.



adhesi on pronoter - 0.5 to 2.0 % plasticizer - 5.0 to 15 wt% filler -
20 to 60 W% 25 thixotrope - 1.0 to 5.0 wt% catalyst - 0.02 to 0.8 %
sol vent -wa ®@/6@52 w % For conponent B (as a proportion ofpcisgienesy B):
Curing agent - 8.0 to 20 wt % 30 Conponent A contains OH functionalities

whi | e Conponent B contains NCO functi®nalities. The NCO OH nolar ratio is
preferably kept in the range of about 1.2 to 1.3. WO 03/050157

PCT/ SQ02/ 00289 -9 A solvent or carrier can be added at up to 80 to 92 w%
of the total Logposéht 0BrAccoMligiatéon bk tdieicpolatet lier tocr 086- kbnler ,
antioxidant, drying agent, anti-bubble agent, adhesion 5 pronoter and
curing agentoprigve dextalhemrpfesiier f or mance of the sealing conposition in
terns of best, resj { expesur 0 a 1 d atymsphar

i mrer si on in%ot ééﬁa@e\&?&%er ﬁgt eriﬁg%s C %qggtggg]éd to the c&?rlp]éo%'rsri'ti on of
the 10 gresenidamyventdonite obveamrt ,addnt bralbldesi r edeptoperadhesiorFor

exanpl e, the seal ant can ,be col ored by the addition of i nt. The
pol yut etz et At GPERY preeRht W%\Y&E’Ieisogc % gﬁﬁggsgnfpﬁ%ﬁ%%y
met hods dypigal ddh1tihg aEdmpd 51 VORK NG EXAMRL ESFANR SOVPARATLYECEESTS The

present invention is illustrated by the follow ng Exanples, which are not
to be commpeuwed [Honi atioke ohumpel atmosphere or immersion in hot
water.

Other materials can be added to the composition of the

10 present invention to obtain additional desired properties.

For example, the sealant can be colored by the addition of a
pigment.

The polyurethane sealant of the present invention 1is

made and utilized by methods typical in the art.

15 WORKING EXAMPLES AND COMPARATIVE TESTS
The presenf invention is illustrated by the following
Examples, which are not to be considered limitative of the
invention. In these Examples, the invention is also
compared against formulations of the prior art.

20
Example 1:

Formulations Tested

A low modulus self-levelling PU sealant for the
25 horizontal joints with frequent and large movement (MZ) was
formulated as follows:

Component A:

PBG 2000 40g
PPG triol 2000 “ 5g
30 DOP 10g

CaCoO; . 2bg



invention. In these Exanples, the invention is also conpared agai nst
formulations of the prior art. 20 Exanple 1: Fornul ations Tested A | ow
nodul us sweldeslesesl | i ng PU seal ant for the 25 horizontal jrRiTRGD2M2SH
frequent and | arge novenent (MZ) was fornulated as follows: Conponent A:
PBG 2000 40g PPG triol 2000 5g 30 BaAR- og CaCO3 25g WO 03/ 050157

PCT/ S&2/ 00289 -10 CaO 3g Funed silica 1g Silane adduct 0.5g

Ant i oxi dant adm xture I g 5 DBTDL 0.08g Conponent B: |sonate 143L 8.8g PBG
2000 is poly €49 2-butyl ene glycol) havifAag a nunber average nol ecul ar

wei ght of 2000. PPG triol 3000 is polypropylene oxide triol having a
nunber aver agBUREFestlaF2 wei ght of 3000191 sonate 143L is a product of Dow
Chemical. Thg;shhanggadduct is a prodgcgqof reaction of am nopropylsilane
with a cyano- containing acrylate. 10 1. Selection of Conmercial PU
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PBG 2000 is poly(1l,2-butylene glycol) having a number
average molecular weight of 2000. PPG triol 3000 is
polypropylene oxide triol having a number average molecular
weight of 3000. 1Isonate 143L is a product of Dow Chemical.
The silane adduct is a product of reaction of

aminopropylsilane with a cyano- containing acrylate.

10 1. Selection of Commercial PU Sealants for Comparison
Due to current absence of the commercial sealants
désignated as hot-water dimmersible or water & heat
resistant, some existing commercial high-performance water
resistant or water immersible PU sealants commonly used in
15 the tropics and on highways, bridges and airports were
selected for comparison with this self-developed sealant.
A water-resistant one-component PU sealant (Bostic
B2637, designated as Cl), a water-immersible two-component
PU sealant (Bostic B2640, designated as C2), a trafficable
20 two-component PU sealant (Bostic B2656, designated as C3)
all from a well-known sealant manufacturer were selected for
this study to compare with the PU sealant of the invention
(Mz) . All of Cl, C2 and C3 have been widely used on various

construction sites including airports in the tropical
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seal ant were cured for 14 days at standard conditions (23 + 2C and 50 + 5%

relative_ humdity) . Specinens of a single-conmponent were cured for 21 10
days as fol | of&Fi7948ys°gf1€fhfdard conditions; 7 days at 38 + 2C and 95 +

S5%relative hapldhtgnsand 7a days tat Shedad  sondidi ofsre3.ciMAlLr £ & Heat
Weat hering Among various patterns of conbi ned vat er and heat, 15 inmmersion
in heat eddwdegs shostanderdheondétiexrsrdag + 2°C and 50 + 5% relative

humidity). Specimens of a single-component were cured for 21
10 days as follows: 7 days at standard conditions; 7 days at 38
+ 2°C and 95 + 5% relative humidity; and 7 days at standard

conditions.

3. Water & Heat Weathering
Among various patterns of combined water and heat,
15 immersion in heated water should be the most extreme
condition for construction sealants. As mentioned above, the
maximum temperature of the building structures in the
tropics can reach 70°C. Thus in this study, combined water &
heat weathering test was implemented by immersing cured
20 sealant specimens in 70°C water for a period from 7 to 35

days before cohesion tests were performed.

4. Cohesion
There are numerous properties related to cohesion and
cohesive failure. Therefore, it is difficult and unnecessary
25 to test all the properties to evaluate cohesion strength and
predict possibility of cohesive failure. The more efficient
way 1is to select the most distinctive properties that do not
largely overlap with each other. In this study, the testing

system designed to evaluate sealant cohesion included water-
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i ndi vi dual., proper.ti. re_elaborated as follows. 4. 1. er Swelling Rate
Two corrpf”éitgl )}%gﬁrvéﬁsura cP&ﬁaﬁFgﬁeép&ﬁe r}salh\ﬁrg%eg afof\é\gﬁtﬁf”’ﬁ'of 115mMmm a
width of 30 mm and a depth of 3mmwere inmmersed in 70C water for 7 days

and 28 days, respectively, then taken fromthe water and kept in air at
room tenperatute f@tares eilddtds Ratifen the | engths of the inmersed

speci mens, | xpuer e pbhaiRgd. HENPt s SWBLJING:  specimens with a
10 length of 115mm, a width of 30 mm and a depth of 3mm were
immersed in 70°C water for 7 days and 28 days, respectively,
then taken from the water and kept in air at room
temperature for ten minutes. Then the lengths of the
immersed specimens, Ix, weré obtained. The water-swelling

15 rate was calculated by the following equation.

Water—-swelling rate % = [(Ix-115)/115]1x100

4.2, Tensile Strength
After the curing period three dumbbell specimens were
prepared using a die giving a between-bench-mark distance of
20 25.0mm, a testing width of 8.0mm, and a thickness of 3.0mm.
Then two of the dumbbell specimens were immersed in 70°C
water for 7 and 28 days, respectively. Thirty minutes after
removal from the immersion the two specimens were mounted on
grips of the Instron machine and extended at the separation
25 rate of 500 + 50 mm/min. The values of 25% tensile stress
were taken as a representation of the tensile strength. The
control (not immersed) specimen was measured in the same

manner and comparison was made with the immersed specimens.

4.3. Hardness
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10 4.4. Elastic Recovery
Three specimens were cured in aluminium channels with
dimensions of 300mm long, 10mm wide and 15mm deep. Two of
them were immersed in 70°C water for 35 days. 30 minutes
after removal from the immersion each specimen was measured
15 with a self-designed non-destructive elastic recovery
tester. The result was expressed in a percentage
representing the degree of recovery within 20 seconds after
the surface of the specimen is pressed by the detector ball
of the tester to a depth of 5mm in 10 seconds, held in
20 compression at the depth for 5 second and then relieved of
compression force. The control specimen was measured in the

same manner and comparison was made with the immersed

specimens.
5. Peel-Adhesion
25 5.1. Hand-pull

Three specimens with dimensions of 60 by 15 by 3 mm
were applied and cured on concrete.blocks. Two of them were
immersed in 70°C water for 28 days. Two hours after removal
from the immersion each specimen was completely pulled from

30 the substrate by hand. The areas of cohesive and adhesive
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two readings was taken as the final data. The control (not i nmersed)
speci nen was neasured in the same nanner and conparison was rmade with the
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60 by 15 by 3 whi ch. cont ai n er of alumnumcloth with the sanme
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i mrer si on each speci nen was dgrl pped at the ends of the al um numcloth and
conpleteW&dﬁﬁhleﬂeéﬁf aogplied and cured on concrete blocks. Two of

them were immersed in 70°C water for 28 days. Two hours after
10 removal from the immersion each specimen was gripped at the
ends of the aluminum cloth and completely pulled off the
substrate by an Instron machine. The maximum tensile stress
was recorded and the average of the two readings was taken
as the final result. The control (not immersed) specimen was
15 measured in the same manner and comparison was made with the

immersed specimens.

6. Movement Capability
ASTM C719 test comprises 7 days of immersion in 25°C
water, 7 days of being cramped at 70°C, and ten cycles of
20 extension and contraction. It involves a combination of
water, heat and cyclic movement. This cyclic movement test
modified C719 by repeating the fhree—section cycle until the
sealant failed. It is supposed that the more cycles the
sealant can sustain, the higher its resistance against
25 combined water, heat and cyclic movement. This modified C719
is employed to verify sealant movement capability when
protractedly exposed to combined water and heat.
For adhesive loss of each specimen, the average of loss
areas of the two sides shall be taken as the loss area. The

30 total adhesive loss areas of the three specimens tested for
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recovery of no less than 70%. The criteria for perfect
performance in adhesion, cohesion and elastic recovery are
set to be adhesive failure less than 0.2cm?, cohesive failure

less than 0.1 cm and recovery value larger than 90%.

15 RESULTS AND DISCUSSION

1. Cohesion
Water Swelling - A Cause for Sealant Deformation
Sealants might swell when immersed in water due to
water absorption, hydrolysis, plasticization and/or loss of
20 physical cross-linking. The swelling rate would be expected
to increase with both temperature and time. Water swelling
followed by subsequent uneven drying and re-swelling would
induce serious deformation of the on-site sealants, a type

of cohesive failure frequently observed on building joints

25 in the tropics.

Table 1 Water Swelling Rates of PU Sealants after

Immersion in 70°C water

Specimen ol cz2 C3 M7
7-days 7.6% 3.5% 5.2% 0.4%
28-days 9.3% 5.2% 8.0% 3.8%
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Sealants may soften and dampen on various construction

10 sites after protracted exposure to severe weathering
conditions. Due to loss of internal strength, this type of
cohesive failure can be evaluated by measurement of tensile

stress.

15 Table 2 25% Tensile Stress Values of PU Sealants (mPa)

after Immersion in 70°C water

Specimen Cl Cc2 C3 M7
Control 0.10 0.12 0.09 0.08
28-days molten 0.04 0.03 0.09

Loss ~100% -67% -67% +13%

As shown in Table 2, Cl, C2 and C3, lost 100%, 67% and
67% of their 25% tensile stress, respectively, after 28 days
of immersion in 70°C water whereas MZ exhibited a slight,

20 though not significant, increase of tensile stress.

Hardness - A Measure of Resistance to Penetration
Hardness is a measure of resistance to penetration and
it is also used as a quick check of the state of the effects
25 of time and aging on the sealant structure. Retention of
hardness 1s fairly important for trafficable construction

sites like highways, bridges and airports.
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As shown in Table 3, shore-A hardness values of all the
commercial sealants decreased dramatically after 28 days of
5 immersion in 70°C water, and on the contrary, hardness of MZ

remained the almost same after the immersion.

Elasfic Recovery - Movement Capability
Recovery is the only measure of flow characteristics
called for in any standard specification. Good recovery
10 after removal from any imposed load means little stress
" relaxation, creép and compréssion set undergone by the
affected sealant. Thus retention of welastic recovery of a
sealant against external weathering is well proportional to

its practical on-site movement capability.

15 Table 4 Elastic Recovery Values of PU Sealants after

Immersion in 70°C water

Specimen cl C2 C3 MZ
Control 95% 100% 98% 98%
35-days Molten 85% 66% 100%

Loss ~100% ~15% -32% +2%

As shown in Table 4, loss percentages of elastic
recovery values varied from 15% to nearly 100% for the three
commercial sealants after 35 days of immersion in 70°C water.

20 BAmazingly, the elastic recovery of MZ was recorded at 100%
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Table 5 Data Analysis of Peel Force (Machine-Pull Method)
and Cohesive Failure (Hand-Pull Method)

COHESIVE:
CONDITION SEALANT SUBSTRATE PEEL FORCE FAILURE
(N/cm) (%)
Control cl - Mortar (P) 39.8 99
Cc2 Mortar (P) 21.8 55
MZ Mortar (P) 47.5 100
Mortar
23.5 60
(ub)
Hot-Water C1 Mortar (P) 4.6 0
Cc2 Mortar (P) 24.7 68
MZ Mortar (P) 33.3 83
Mortar
32.5 80
(uP)
10 As shown above, the adhesion of MZ with a primer after

curing is superior in terms of both peel-force and failure

mode as compared with Cl1 and C2, while the adhesion of MZ
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(P) 21.8 55 MZ Mortar (P) 47.5 100 Mortar 23.5 60 (up) Hot-Water Cl
Mortar (P) 4.6 0 C2 Mortar (P) 24.7 682~MZ Mortar (P) 33.3 83 Mortar 32.5
80 (up) 10 As shown above, the adhesion of MZ with a prinmer after curing
is superiqgr in ternms of both peel-force and failure node as conpared with
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resistance against combined water and heat in terms of peel-
adhesion with a primer used.
Adhesion of MZ with primer fell moderately after
immersion in 70°C water for 28 days, but still remained at a
10 high level as compared with C2 either before or after the
immersion, showing MZ with a primer is capable of performing
well in hot water in terms of peel adhesion. Unexpectedly,
the adhesion of MZ without a primer rose sharply after 28
days’ immersion in 70°C water, even reaching the level of MZ
15 with a primer after the immersion, indicting MZ can be
applied without a primer even when high resistance against

combined water and heat is demanded.

3. Movement Capability
Repeated ASTM tests were conducted to evaluate sealant

20 movement capability under combined water and heat. In the
immersion period, water was absorbed by the sealant and when
subsequently exposed to heat the sealant was actually
subject to damage by the absorbed water accelerated by the
heat.

25 Test results of MZ and the two commercial water-—
immersible products, C1 and C2, are given 1in the tables
below. A primer is required along with either of the
commercial sealants. However, MZ was tested both with a

primer and without a primer.

30 Cl1 with primer
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prinmer iswoapakies7of performing well in hot water in ter CTSGHROeIS9

adhesi on. Unexpectedly, the adhesion of MZ without a priner rose sharply
after 28 days' inmmersion in 70C waterZ0even reaching the |evel of MZ 15
with a prinmer after the imrersion, indicting MZ can be applied without a
pri mer even when hi gh resistance agai nst conbi ned water and heat is
demanded. T@lmen&ﬁs@mmﬁm@pmtwmms est sChewitls Pufimeed to

eval uat e fseatant—207movenrent—capabti-ty—tuhger—conrbineg—water—and—-heat. In
the inmersion periofl, vedtesrl way abserhed by thEESAF ant and when
subsequenttycexprsed|t adheat vehe sesiantvaag &ty |subisststo damjge by
the absofbed water atgelser aigd) By 1the lef)it P2SCPESEYresults of MZ and the
two commrcial watert ipmersi b? oroducts Cl _an®)C2, are given in the
tabl es bel &wfokepri frer '1\? requi red ﬁl ong wi|t h gb:ﬂ%er pf the conmmerci|al
seal ants| Howesdr, MZ was estec both™with a p and without a prijmer.
30 A with primer WJ 03/050157 RCT/ SQ02/ 00289 -20 Tableg;gsFesults of
Repeat ed| AAJM: (19 on O with Prji merg, sipt al | Tot g5 Aver age-Lygl ¢ No.
adhesi ve|cohesive el pstic Coments |oss (cqR) loss (ci yecovery (s)
Before NfTT N1 904 Flastic

recovery
degraded
further.
Elastic
recovery
dropped
further

Both elastic
recovery and
cohesion
failed.

Cycle 2 Nil 0.80 48.8

Cycle 3 Nil 1.10 41.6

Cycle 4 Nil 2.25 38.9

Elastic récovery of Cl failed after the first cycle and

cohesion failed after the forth cycle.



test Elastic Cycle 1 Nil 0.50 65.3 recovery failed. Elastic Cycle 2 Nl
0.80 48.8 recovery degraded further. Elastic Cycle 3 Nl 1.10 41.6
recovery wiragpped? further Both elastic Cycle 4 Nil 2.25 #Ka/smaesvery and
cohesion failed. Elastic recovery of Cl failed after the first cycle and
cohesion failed after the forth cycle-2Wh 03/ 050157 PCT/ SG02/ 00289 -21- C2
with primer Table 7 Results of Repeated ASTM C719 on C2 with Prinmer Total
Total Average Cycle No. adhesive cohesive elastic Comments: |oss (cnR) |oss
(cm recqueriiit Befmee test Nil Nil 97.1 Cycle 1 Nil Nl 92.5 Perfect

Cycle 2 J'I'a:iall\e" I7 96'I§1esN19fté aci> Re ecalli?e ZS’S‘IJM '\&41993013 C tw:{aj; IP:l:‘imer

Total Total 2{22:32
Cycle No. adhesive cohesive Comments
2 recovery
loss (cm®) loss {(cm) (%)
Before test Nil Nil 97.1
Cycle 1 Nil Nil 92.5 Perfect
Cycle 2 1.3 Nil 96.4 Not fail
Cycle 3 3.1 Nil 93.2 Not fail
Cycle 4 3.9 Nil 95.4 Not fail
Cycle 5 6.7 Nil 89.7 Not fail
. Adhesion
Cycle 6 11.3 Nil 89.3 failed

CZ did not show perfect overall performance after the
first cycle and showed obvious degradation in adhesion form

5 the second cycle. Adhesion failed after the sixth cycle.

MZ without primer
Table 8 Results of Repeated ASTM C719 on MZ without Primer

Total Total 2;22?2?
Cycle No. adhesive cohesive Comments
2 recovery
loss (cm®) loss {(cm) (%)
Before test Nil Nil 100.0
Cycle 1 Nil Nil 92.0 Perfect
Cycle 2 0.1 Nil 98.8 Perfect
Cycle 3 2.3 Nil 97.5 Not fail
Cycle 4 2.4 Nil 98.4 Not fail
Cycle 5 3.8 Nil 99.7 Not fail
Cycle 6 5.8 Nil 99.9 Not fail
, Adhesion
Cycle 7 9.9 Nil 99.9 failed




Cycle 4 3.9 Nil 95.4 Not fail Cycle 5 6.7 Nil 89.7 Not fail Cycle 6 11.3
Nil 89.3 Adhesion failed C2 did not show perfect overall performance after
the firswaooosabkersand showed obvi ous degradation in adhesi @cTisGo00539t he
second cycle. Adhesion failed after the sixth cycle. MZ wi thout priner
Tabl e 8 Results of Repeated ASTM C719-2t- MZ wi thout Prinmer Total Total
Average Cycl e No. adhesive cohesive elastic Cooments loss (cnR) loss (cm
recovery M Before test Nil Nl 100.0 Cycle 1 Nil Nl 92.0 Perfect Cycle 2
0.1 Nil 98.8 P@rfeshowrQ/cé]@oxBez MN | a9l bedlot tbal Icon@;t@ite 4 s2b4thble98. 4
Not fail %538N| 99. 7 Not fallogcle658N| 99.9 Not fail
Cycle 7 @ﬂl@{m g0 RF ARfHesTUh 745 R I 0578501852 pesrsed2rogygdes. 9F As
shown abeywgyi fVe APRb B Cha oC NSS! EaSYbSHr alife  wh LReulL R péﬂ;%’?és capegustain
at least six periodic cycles of 'modi fi ed ASTM C719 test, In the first
two cycl éxhdpdrrs exfatfiact perd octenaian entmceadheadhesi oroheshesi orndnd 5
AR, RS0 DG U IBNC RS AGLUA! V; IPURLALR Yy RELESLLLGN the
better than the performance of C2 with a primer, and much

superior to performance of Cl with a primer, especially in
cohesion and elastic recovery, suggesting that this sealant
without a primer applied has the potential of being durable
10 in an practical environment -involving water, heat and cyclic

movement.

MZ with primer
Table 9 Results of Repeated ASTM C719 on MZ with Primer

Total Total Aierige
Cycle No. adhesive cohesive elastic Comments
2 recovery
loss (cm®) loss (cm) (%)
Before test Nil Nil 93.1
Cycle 1 Nil Nil 98.8 Perfect
Cycle 2 Nil Nil 99.9 Perfect
Cycle 3 Nil Nil 99.9 Perfect
Cycle 4 0.19 Nil 89.9 Perfect
Cycle 5 0.23 Nil 99.9 Perfect

MZ with a primer exhibited perfect overall performance
. 15 even after the fifth cycle. Apparently, MZ is much superior
to C2, a commercial water-immersible PU sealant, in terms of

movement capability in combined water (absorbed) and heat.

CONCLUSIONS
Degradation owing to prolonged combination of water and

20 heat has been shown to be much of an element for durability



superior to performance of G with a priner, especially in cohesion and

el astic recovery, suggesting that this sealant wthout a primer applied
has t he pwtwoesstosals7 of being durable 10 in an practical envircasniooisavol vi ng
wat er, heat and cyclic novenent. MZ with primer Table 9 Results of
Repeat ed ASTM C719 on MZ with Priner —-I&tal Total Average Cycle No.
adhesi ve cohesive elastic Comments loss (cnR) loss (cm recovery M Before
test Nil Nl 93.1 Cycle 1 Nil Nil 98.8 Perfect Cycle 2 NIl NI 99.9
Perfect ofyctgpdchll ¢pthmeecaPerdeadtant@yclieed 0£dH MNirf@a-t9 Pewbment Cycle

5 0.23 N. .99.9 Perfect MZ with a primer_exhibited perfect overall .
perfornaﬂé@n%fS é@engg?téFr?Q%F§jfgﬁm%ykpe.s %?.nt?é,ﬁﬁﬁai%nﬁﬁeﬁlgﬁperior
to C2, areeHRRisCialpmElaiqddmesmbla R &ﬁ@lmerlanaeh%t?fa pe¥BIRAt

capabili%y i n conbined water (absorbed) and heat. CONCLUS|I ONS Degradati on
ow ng t o JpESVeRGddy cerprHatiesrdof inardrrard PBVRBERthasobelen showkheo be

much of an.gheenixd ol (AR 1 11 WO DI 00450 B SCRRLI02R: 22 8
typi cal co rcial seal ants use or alrport pavenent Jolnts-in h _
tropics. sthéaB sed amtheof itventivent ien soeeirdbs aipr obengedasenbination
of materﬁag heat, a problem frequentlg encountered in airport pavenent
s . £o 8w1ng aspects as compared with existing commercial
joints |
water-resistant or immersible PU sealants.
1) Low water swelling rate and high retention of
10 tensile strength, hardness and elastic recovery in prolonged
combination of water and heat.

2) Significant increase of adhesion to unprimered
concrete when protractedly exposed to combined water and
heat.

15 3) Superior performance in continuous cyclic movement

in an environment of combined water and heat.

Example 2:

The  superiority of a polyurethane (PU) sealant
composition comprising the antioxidant according to the

20 present invention is shown by performance testing in a hot
water test. Briefly, the sealant compositions are made in

an identical fashion, as described below, except that three
different anti-oxidants are wused. The different anti-
oxidants (a phenolic, a phenolic plus thiosynergist,‘and the

25 antioxidant of the invention) were added at 1.4 wt% of
component A. Then the three sealants are cured at 25°C for
three weeks and then cut into samples with the dimension of

115 by 20 by 3 mm. The samples are kept in 70°C water for 7

ahd 28 days, respectively and then assessed for

30 discoloration. (The original color is white.)



5 tropics. Results fromall the tests clearly show that the PU seal ant of
the invention is superior in at |east the follow ng aspects as conpared
wi t h exi swiongg/sersmer ci al  wat er-resi stant or i nmersibl e PRcIestoantsy 1) Low
water swelling rate and high retention of 10 tensile strength, hardness
and elastic recovery in prolonged comination of water and heat. 2)
Significant increase of adhesion to unprinmered concrete when protractedly
exposed to conbined water and heat. 15 3) Superior perfornmance in

cont i nuoE=adyalti compesyidritons n exrceapty iandrimeritdagft conbi ned wat er and heat.
Exanple 2; The s riority of a polyurethane (PU) seal ant conposition
conprisi%&Wﬁ%@eﬁﬁggﬁxidant according to the 20 present invention is shown
by performnceg®Estgorg in a hot water testy Briefly, the seal ant
conpositions are made in an identical fashion, as described bel ow, except
that three diffGergnoladQbxi dants aredusked. The different anti- oxidants
(a phepolic, gq4henolic plus thiosynequpt and the 25 antioxi dant of the
i nvent1on) were added at 1.4 wt % of conpéhent A. Then the three seal ants
are cured at ZCdzor three weeks and t©%ery cut into sanples with the

di rension of 115 by 20 by 3 mm The sanples are kept in 70C water for 7
and 28 days, F%gbectively and then assess&d for 30 discol oration. (The
original col ofpyedMiiitig.da WO 03/ 050157 RCY SR02/ 00289 -24 Seal ant

conpositions, except antioxidant: Conponent A
Silane adduct 0.5 g

10 DBTDL 0.08 g

Component B:

Isonate 143L 8.8 g



PBG 2000 40 g PPGtriol 2000 5 g 5 DOP 10 g CaC3 25 g CaO 3 g Funed
silica l g Silane adduct 0.5 10 DBTDL 0.08 g Conponent B: |sonate 143L
8.8 g WO 0@ @386RAB7 PCT/ SG02/ 00289 -25- Results The steri aad/SGorionzser ed
amne in the fornmulation of the invention is of Forrmula (1). The results
are shown in the table below 5 Discokoration of the Three Seal ants
Containing Different Anti-oxidants after Prolonged Imrersion in 70C Water
| mer si on Period 7-Days 28-Days PU Seal ant Pal e yellow Yell ow Containing a
Phenol i c Rgsuldis art) PU Seal ant No appreciable Yellow sh Containing a
change in col of yQ |st ri ar ) PU Se t No
apprEC|abIe Sllé%t y pé#§lfgbn aa%¥%% ﬁ% ange éﬁ %Fg 8-SR 3% 2k
invention is of Formula (I). The results are shown in the

table below.

5 Discoloration of the Three Sealants Containing Different

Anti-oxidants after Prolonged Immersion in 70°C Water

Immersion Period 7-Days 28-Days

PU Sealant Pale yellow Yellow
Containing a

Phenolic (prior

art)
PU Sealant No appreciable Yellowish
Containing a change in color

Phenolic and a
Thiosynergist

(prior art)

PU Sealant No appreciable Slightly pale
Containing a change in color yellow
Sterically

Hindered Amine

(invention)

The invention being thus described, it will be apparent
to one of ordinary skill in the art that various
modifications of the ingredients of the invention, or

10 methods of its formulation or use, can be made. Such
modifications are considered to be encompassed by the

invention, which is defined by the claims below.



Sterically H ndered Amne (invention) The invention being thus described,
it wll be apparent to one of ordinary skill in the art that various

nodi f i cat wans/08615t he i ngredi ents of the invention, or 10 rearsGdeomsd its
formul ati on or use, can be made. Such nodifications are considered to be
enconpassed by the invention, which +86defined by the clains bel ow W
03/ 050157 PCT/ SQ02/ 00289 -26- CLAIMS: What is claimed is: 1. A

pol yur et hane seal ant conposition conprising a conponent A and a conponent
B, wher ei @L&Bfponent A conprises a hydrophobic pol yether diol, a
cross-linker and an antioxidant of the formula I: 5 (1) and conponent B
conpri ses atpojﬁ/i ac%% te® curi ng agent. 2. The pol yurethane seal ant
conposi tion of1 ¢l aixn po1 t@idhd hechabh® Ofohsosyanahe ¢ombydiayy! 4 n the
total conposition is 1.2 to 1.3. 3. The pol yurethane seal ant conposition
of cl ai mASMPHEYeith FBhporeaitP ey therwhegtpkt ses a reaction product of
ganma- am nopr i oxXYSsi ith 2 |, acryl at.e or.the
reaction prod&g%ﬁl%#ﬂeg%aﬂn%- ?rél oprs\(l)gpsylh?rﬁg%ﬁﬁggétsogﬁgn}@%%}he%e%g r @

met hacyl atm ser-la mied wrred ofn tdret Te@aicidron ofpriddbict Semula I:

e

and component B comprises a polyisocyanate curing

agent.

2. The polyurethane sealant composition of claim 1,
wherein the ratio of isocyanate to hydroxyl in the total

composition is 1.2 to 1.3.

3. The polyurethane sealant composition of claim 1,
wherein component A further comprises a reaction product of
gamma-aminopropyltriethoxysilane with 2-cyanoethyl acrylate
or the reaction product of gamma-aminopropyltriethoxysilane

5 with benzyl methacrylate or a mixture of the reaction

products.

4. The polyurethane sealant composition of claim 3,
wherein the ratio of isocyanate to hydroxyl in the total

composition is 1.2 to 1.3.

5. The polyurethane sealant composition of claim 1,
wherein the polyether diol is polybutylene glycol having a

number average molecular of 2000 to 4000 daltons or a



4. The pol yuret hane seal ant conposition of claim3, wherein the ratio of

i socyanate to hydroxyl in the total conpositionis 1.2 to 1.3. 5. The

pol yur et henoeosgsealsant conposition of claiml, wherein the pual/sceioersodi ol is
pol ybutyl ene gl ycol having a nunber average nol ecul ar of 2000 to 4000
daltons or a WO 03/050157 PCT/ SQ02/ 0028%9- -27 m xture of pol ybutyl ene

gl ycol having an average nol ecular 5 weight of 2000 to 4000 daltons and
pol yt etranet hyl ene oxi de glycol having an average nol ecul ar wei ght of 2000
to 4000 wmdittiores. of. pRigbuddyieret hahwecskeahant.ngorqposatrepagef mellaicmibr
wherein the pal yeth ol i ol ybut yl ene gl ycol havin nunber average
nol ecﬁarw%fgqgodb%th)gnggodafqoglns.a _c}/nﬁ]earb% éﬁ&@?ﬁgﬁén‘ggglyéﬁflecé’% tion
of cl ai mgllycd&fwem@vﬂngh%ncr%éréat;@k%lbéuma&yméagyﬂ@n%fglm {51 alppghaving
a nunber average nol ecul ar wei ght of 1000 to 3000 or N, N,N , N

t et r aki s(3IBadoxypropyl ) et hyl enedi ami ne. 8. The pol yur et hane seal ant
conposition of claim1, wherein conponent A further conprises cal cium
oxide in an anount from1l.0 to 5.0 wt% of the total weight of the

conposi tion. %. Thapol yol etihankasealsaatl aeTPesipbdONt 0bnCle M laimwher ei n

t he conponent B further cong&ises_a npdi fied nethyl ene-bis-(4-phenyl
i socyanat'®)STERt ab MF ngOLAPLEGE iRl 4F obpsYPEsY IThe gHiyRR et hanengea ant

conposi tifiRfr Ghaifde mdWdDelr IR YD &R ydgf{ef&m' si | oxane) having
a nunber average nolecul ar weight of 30 to 50 kil odaltons.
7. The polyurethane sealant composition of claim 1,
wherein the cross-linker 1is polypropylene glycol triol
having a number average molecular weight of 1000 to 3000 or

N,N,N',N' tetrakis(2-hydroxypropyl)ethylenediamine.

8. The polyurethane sealant composition of claim 1,
wherein component A further comprises calcium oxide in an
amount from 1.0 to 5.0 wt% of the total weight of the

composition.

9. The polyurethane sealant composition of claim 1,
wherein the component B further comprises a modified
methylene-bis- (4-phenyl isocyanate) containing carbodiimide

groups.

10. The polyurethane sealant composition of claim 1,
further comprising a poly(dimethylsiloxane) having a number

average molecular weight of 30 to 50 kilodaltons.

11. A polyurethane sealant composition comprising a
component A and a component B, wherein

component A comprises



11. A pol yuret hane seal ant conposition conprising a conponent A and a
conponent B, wherein conponent A conprises WO 03/050157 PCT/ SG02/ 00289 -28
i) a hydreghowseispol yet her di ol having a nunber 5 averageamtGeobmp wei ght
of 2000 to 4000 daltons that is present in an anount of 20 to 60 w % of
conponent A, ii) a cross-linker selecf&d fromthe group consisting of

pol ypropyl ene glycol triol having a 10 nunber average nol ecul ar wei ght of
1000 to 3000, N,N,N ,N tetrakis(2-hydroxypropyl)ethylenediam ne and a

m xture of polyprogwlenéighydnophpbbc halyegharnyiselr havengge muimbewl ar

wei ght, of 100 3 00 N N'
tetrakls(z hyg?%ﬁy opy ? hy ene&ngF a%%OQStfﬁigo%% dALFORF a&het and
conponent B cdnprpsesert pohyiasocyanate ST i ng tagedt . wif. oFhechpydnet hane

seal ant conposition of claim1l, wherein the polyether diol is
pol ybutyl ene dirycol having a number average nol ecul ar of 2000 to 4000

dal tons or a nlxtqygoof p0E¥QB%¥g§g§F9|yQﬂLL' éfg %QOdereﬁglggo? M

wei ght of 2000 to 40 a tons an ol yt etranet ene oxi de aV|ng
an aver age nnb@nﬂuﬁtmmggﬂmfoprDQ@r¢myM@@@ ghytohs t1201Theapahyur et hane
seal conpositlon of_claim

th I I
polygu yl ene GIVEST iuﬁn?ﬁf%? rﬂﬁ&ﬁﬁ %%%pdﬁie fegg% &88b8068 t 394800
dal tons. 14. Te, nml,y\urett@ét&%}ﬁwmyd%&%&{dpyqnéﬁhﬁe&iéal%me and

a mixture of polypropylene glycol triol having a number
average molecular weight of 1000 to 3000 and N,N,N',N'
tetrakis (2-hydroxypropyl) ethylenediamine, and

15 iii) an antioxidant;
and component B comprises a polyisocyanate curing

agent.

12. The polyurethane sealant composition of claim 11,

wherein the polyether diol i1s polybutylene glycol having a

number average molecular of 2000 to 4000 daltons or a

mixture of polybutylene glycol having an average molecular

5 weight of 2000 to 4000 daltons and polytetramethylene oxide

glycol having an average molecular weight of 2000 to 4000
daltons.

13. The polyurethane sealantAcomposition of claim 11,
wherein the polyether diol is polybutylene glycol having a

number average molecular of 2000 to 4000 daltons.

14. The polyurethane sealant composition of claim 11,
wherein the ratio of isocyanate to hydroxyl in the total

composition is 1.2 to 1.3.



wherein the ratio of isocyanate to hydroxyl in the total conposition is
1.2 to 1.3. WD 03/050157 PCT/ SG02/ 00289 -29 15. The pol yuret hane seal ant
conposi ti wo @foselsai m 11, wherein the antioxidant conpri sexTs@enpsand of
the formula 1: 5 (1) . 16. A nmethod for sealing a porous substrate
conprising coating the conposition of28taim 1 upon said substrate. 17. A
nmet hod for sealing- a joint between two surfaces conprising applying the
conposition of claiml to said joint.

15. he polyurethane sealant composition of claim 11,

wherein the antioxidant comprises a compound of the formula
I:

(I).

16. A method for sealing a porous substrate comprising

coating the composition of claim 1 upon said substrate.

17. A method for sealing a joint between two surfaces

comprising applying the composition of claim 1 to said
joint.



